Summary Compared with truly negative cultures, false positive blood cultures (BCs) not only increase laboratory work but also prolong the lengths of patient stays, which are likely to increase patient morbidity and costs. The present study aimed to evaluate the effectiveness of a hospital-wide educational intervention on BC contamination rates. Nurses performed all phlebotomies; therefore, educational workshops were offered to all nurses twice a week over a 3-month period. The workshops consisted of a questionnaire, PowerPoint presentation, video show, demonstration of the different materials used to collect BCs, and question session. Data from the questionnaires and laboratory culture results were compared between the 6-month pre-and post-intervention periods. Of the 503 eligible nurses, 216 (42.9%) attended the workshops. The survey identified areas for improvement, which included time of disinfectant application, volume of blood to be cultured, and disinfection of BC bottle tops. Of the 9903 BC sets that were drawn from 3649 patients during the study period, 676 (6.8%) were contaminated. The monthly BC contamination rates for the 6-month pre-and post-intervention periods were 8.1% and 5.2%, respectively, representing a 36% reduction (P = 0.008). Only three wards had an acceptable contamination rate of ≤3% before the intervention, compared with eight wards after the intervention. Intervention to reduce the blood culture contamination rate 67 completely eliminated, there is evidence that adherence to best practice BC collection techniques can minimize BC contamination, which might be best achieved with a dedicated phlebotomy team.
Introduction
Blood cultures (BCs) have an important role in the diagnosis of serious infections and are useful for therapeutic decisions. However, contamination of BCs (i.e., false positive BCs) is a common problem within the hospital setting [1] and represent up to half of all positive BCs [2, 3] . In the majority of cases, false-positive BCs are the result of contamination from faulty aseptic techniques; therefore, many cases are preventable. Contamination occurs from the introduction of organisms that originate outside the bloodstream (e.g., skin or environment) into the blood sample obtained for culture [4] . While target rates for contamination have been set at 2-3% [4, 5] , actual rates seem to vary widely between institutions, from as little as 0.6% to >6% [6] .
False positive BCs can lead to errors in clinical interpretation and significantly impact patients, hospital staff, and health care costs [7] . Several studies have shown that false positive cultures are associated with unnecessary antimicrobial use and the need for additional cultures and other diagnostic tests, leading to unnecessarily prolonged hospital stays and significant additional hospital costs [2, [8] [9] [10] . These findings highlight the need to improve the standard BC collection technique, thereby improving both the quality of patient care and resource use. Several techniques have been employed to minimize the risk of BC contamination, including the use of specific disinfection materials [3, 7] , educational interventions [3, 9, 11] , collection from separate venipuncture sites [8, 10] , use of the outmoded double-needle technique [10] , and reliance on specially trained staff or dedicated phlebotomists [3, 10, 12, 13] . However, given that none of the currently available skin disinfectants are able to eliminate all bacteria, a zero or even close to zero BC contamination rate is not possible to achieve [14] . The aims of the present study were to assess the degree of BC contamination and to examine the effect of a hospital-wide, multi-approach educational intervention on contamination rates.
Materials and methods

Setting
This quality assurance study was performed at Qatif Central Hospital, a district general hospital with 335 beds serving a population of more than 500,000. The hospital provides all acute, general medical, and surgical services; supports a range of outpatient facilities; and acts as a center for the coordination of health service provision throughout a defined geographical area in the Eastern Province, Saudi Arabia. The study included units from all services offering in-patient care and emergency departments (EDs). All BCs were collected by staff nurses in all services, including neonatal units, and when a catheter-drawn BC was indicated, nurses also collected these from the lines.
There were 503 practicing nurses during the educational intervention phase of the study. There was no written protocol for BC collection prior to study commencement, and new nurses received instructions from their senior peers and not through a training program. BC contamination rates were not routinely monitored at our institution, and nurses had no information about the monthly contamination rates. This quality improvement project was reviewed and approved by the Institutional Review Board, Education and Research Centre.
Blood culture processing
The BACTEC TM 9240 BC system (Becton-Dickinson, Riyadh, Saudi Arabia) was used for all BCs. Blood drawn from a single venipuncture was regarded as a single set regardless of how many BC bottles were inoculated; routinely, this includes an aerobic and an anaerobic bottle for adults, with or without resins depending on whether the patient is receiving antibiotics. It was standard practice to collect one set from the peripheral vein and the other set from the central line for patients with a central venous catheter. Each BC was kept in the system for 5 days before pulling it as a negative, and all positive cultures were identified following standard microbiological procedures. Cultures from patients with suspected endocarditis, heart lesions, or prosthesis or from patients suspected to have brucellosis were extended to 21 days.
Definition of contamination
For the purpose of this study, the following criteria for differentiating likely true bacteremia from contamination were developed in the laboratory: (1) identity of the organism, (2) number of organisms cultured, (3) number of positive BC sets, (4) number of positive BC bottles within a BC set, (5) time to growth, and (6) source of cultures (catheter drawn vs. percutaneous) [6] . BCs were considered to be contaminated if microorganisms derived from common skin flora were cultured in only one of a series of BCs: Corynebacterium spp., Bacillus spp., Propionibacterium spp., viridians streptococci, Micrococcus spp., and coagulase-negative Staphylococcus spp. (CoNS) [10] . Culture sets in which only one of four bottles or two of four bottles (one set) were positive were analyzed. These included BCs with a potential pathogen in addition to a contaminant. Polymicrobial cultures with more than one contaminant species were counted as a single contaminated BC [15] . Cultures in which three of four or four of four bottles were positive were not considered contaminated for the purposes of this study.
The presence of CoNS was closely monitored because it might represent true infection. Antimicrobial susceptibility testing was performed on all CoNS isolates grown from bottles drawn from separate venipunctures. Those with discordant susceptibilities were classified as contaminants. In addition, other clinical and laboratory clues were used to predict likely true bacteremia, including fever or hypothermia (and other signs of sepsis), leukocytosis or leucopenia, hypotension, or high C-reactive protein (CRP) levels [6, 14] . The contamination rate was determined by dividing the number of contaminated cultures by the total number of cultures collected.
Intervention
A hospital-wide multi-approach educational intervention was conducted in February, March, and April 2012. During the intervention period, workshops developed by the Microbiology Laboratory and Infection Control Section were offered to all nurses and conducted twice a week. Nurses attending were pre-registered in a list so as not to disturb the service. In order to assess the level of knowledge of correct BC practice among nurses, a questionnaire with multiple-choice best answers was developed. Nurses attending were asked to complete the questionnaire at the beginning of each workshop, followed by a PowerPoint (Microsoft Corporation, Redmond, WA, USA) presentation, video, demonstration of the different materials used to collect BCs, and question session. Questions in the survey directly targeted all techniques used for the collection of BCs, both peripherally and from central lines. The PowerPoint presentation started with clinical scenarios of consequences of BC contamination, followed by a summary of adverse outcomes and detailed instruction on how to conduct BC collection aseptically. The 5-minute video, provided by Becton Dickenson (Riyadh, Saudi Arabia), covered all aspects of the aseptic technique using the BD Vacutainer ® system. Each workshop ended with a demonstration of the materials used to collect blood for culture and questions. Each session lasted for approximately 30 min and included no more than 20 nurses.
In addition, current best practices for BC collection were reviewed, and a detailed guidance protocol was developed and distributed near the end of the intervention period. In brief, the guidance (4-page document) recommends that the venipuncture site be disinfected first with 70% isopropyl alcohol, in concentric circles beginning at the center of the site, followed by 10% povidoneiodine, again in concentric circles; then, it should be allowed to air dry for 1.5-2 min before venesection.
From the MedicaPlus TM Hospital Information System (Riyadh, Saudi Arabia), it was possible to compile data regarding the individuals collecting the BCs, time the specimens were taken, and when these specimens were received in the laboratory. As a supportive measure, some nurses were contacted on a random basis regarding contaminated BCs. Oral discussions were informal, non-punitive, and focused on the guidance protocol to ensure their awareness and compliance with the recommended instructions from both the workshops and guidance document.
Data were reviewed, and contamination rates were calculated for each nursing unit over a period of 16 months (from July 2011 to October 2012), including 7 months pre-intervention, the 3-month intervention period, and 6 months postintervention. The data from the questionnaires and laboratory culture results from the BCs were analyzed using standard methods and compared between the pre-and post-intervention periods. P value was calculated using the SPSS statistical software package for windows, version 15. Feedback was provided to all wards for attention, information, and actions for improvement.
Results
Of 503 eligible nurses, 216 (42.9%) attended the workshops, with an average of 10 nurses in each session. The attendance rates from critical areas ranged from 45% (pediatric intensive care unit [PICU]) to 71% (cardiac care unit [CCU]); 49% of the adult ICU staff attended. Lower attendance rates were noted for medical wards (less than one third) and male surgical wards (40%). Table 1 summarizes the responses provided by the nurses who attended the workshops in addition to the best practice for each technique.
Results of all BCs collected during the study period are presented in Table 2 . Overall, 676 (6.8%) of the collected BCs were contaminated, accounting for 30% (676/2233) of the total number of positive cultures. The total number of BCs collected each month ranged from 487 to 806 (mean, 619). The average contamination rate for the 6-monthpre-intervention period was 8.1%, compared with 5.2% for the 6-monthpost-intervention period, resulting in a 36% reduction (P = 0.008) (Fig. 1) . Table 3 includes the pre-and post-intervention contamination rates in each ward, total number of BCs collected, and number of staff who attended the workshops. Only three wards had an acceptable contamination rate (≤3%)pre-intervention, compared with eight wards post-intervention. The intermediate intensive care unit (IICU), cardiac care unit (CCU), pediatric medical ward (PMW), and female surgical wards (FSWs) had significant improvements in the contamination rate, which had decreased to approximately ≤3%. These wards had good attendance at the workshops (>40%). In comparison, only eight (10.1%) staff members from the ED attended the workshops, and the contamination rate increased in the post-intervention period. The overall contamination rate for the 1354 BCs collected from the critical care units in the pre-intervention period was 7.5% (0.7-16%). In contrast, the overall contamination rate for the 1171 BCs collected in the post-intervention period was 3.6% (0-7.4%). In the ED and inpatient settings, 11% (23/211) and 6.6% (463/6993), respectively, of the BCs were classified as contaminated.
The most common microorganisms recovered from the BCs during the study are shown in Table 4 . More than one bacterial species was present in 98 of 9903 BCs (∼1%). At least one bacterial contaminant was recovered from the majority (74%) of the mixed cultures. Table 5 shows the microorganisms that commonly contaminated the BCs.
Discussion
Accurate BC results are essential for providing safe, timely, effective, and efficient care for patients with serious infections. However, interpretation of BC results might be complicated by the occurrence of contaminants, which significantly impacts 
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Interve ntion period Figure 1 Overall contamination rate determined on a monthly basis over a 16 month period. Twice weekly workshops took place from February to April. hospitalized patients and healthcare costs. Proper disinfection of the collection site is the single most important step in preventing false positive BCs. Although most (78%) of the nurses at our institution reported the use of alcohol and povidone-iodine, the majority (75%) did not allow the adequate contact time of 1.5-2 min for the maximal antiseptic effect [14] . In addition, some nurses incorrectly believed that the stoppers of BC bottles are sterile and do not need to have their tops cleaned, which can increase the opportunities for introduction of contaminants.
Adequate sampling volume is the single most important factor for detecting a bloodstream organism. At our institution, a quarter of the nurses collected an inadequate volume of blood from adults, and only 29% collected the correct blood volume from pediatric patients, based on age/weight. In addition, the collection of multiple BCs aids in the clinical interpretation of possible false positive culture results. However, the nurses collected the BC sets 30 min apart in more than 50% of cases when two BC sets were requested, making it difficult to interpret a positive culture in one set due to the possibility of transient bacteremia. Furthermore, 26% of nurses did not report any means of disinfection before drawing blood from intravenous catheters, and approximately 7% used normal saline. This practice is associated with an increased risk of healthcare-associated infections as well as contamination of BCs. The findings of the present study might reflect practices performed in healthcare settings in the region, suggesting that most healthcare institutions do not comply with best practice BC collection procedures.
Although it is recommended that target rates for BC contamination should not exceed 3% [4, 5] , the contamination rate in many institutions actually exceeds 7% [2, 13, 15, 16] , with the highest rates found in ED settings. Our data indicate that a significant reduction in the rate of BC contamination was achieved after the intervention; however, this rate was still higher than the acceptable level. There was a general correlation between the attendance rate and amount of reduction in contamination rate for the different wards. For example, the contamination rate for the adult critical care units with a 58% attendance rate decreased from 11.9% in the pre-intervention period to 5.4% in the postintervention period, representing a 55% reduction. In contrast, a 31% reduction (10% pre-intervention to 6.9% post-intervention) was recorded for the medical wards, with a 28% attendance rate. While a relatively small percentage of all BCs are contaminated, it represents a large proportion of all positive results and therefore has been recognized as an important quality problem for decades [6] . Of all positive BCs, 30% (676/2233) were false positive BCs, as defined by our criteria, confirming findings by others [2, 3, 17] .
While adherence to evidence-based best practice when collecting BCs is supposed to be the standard of care, compliance might be unsatisfactory, and the high BC contamination rate might be a result of a lack of training and education, lack of surveillance and monitoring, inadequate staffing, shortage of materials, or the use of poor quality materials [10] . Moreover, the majority of hospitals in the developed world utilize a dedicated team for BC collection, which is considered to be cost effective [18] . In our locality, the use of a well-trained dedicated team to collect BCs does not appear to be the standard care in all cases, especially in smaller hospitals. While it is not new to show that educational intervention reduces the contamination rate, the present study assessed staff knowledge and training, availability of a clear protocol or policy, currently used practices, contamination rates, and the effect of educating staff nurses regarding the contamination rate. It is unlikely that this is a problem in one hospital; instead, it might represent a common background problem in hospitals.
In two studies that aimed at demonstrating the clinical and economic impact of contaminated BCs, contaminants were associated with increased length of hospital stay, by 1 day and 3 days, and additional hospital charges, by $8720 and $8750 per patient [13, 17] . Similarly, a case-control study showed statistically significant differences between false positive and true negative results in the mean length of hospital stay (5.4 days) and total costs ($7502) [19] . By using the estimated cost of $8000 per false positive BC, the difference in hospital costs in our institution between the 6-month pre-intervention period and the 6-month postintervention period is approximately 1 million dollars ($2,448,000 vs. $1,440,000). Even though the average contamination rate only decreased slightly from 8.1% to 5.2%, the expected savings were impressive. More than 7560 BC sets were collected in our institution in 2011; at least 612 sets would have been contaminated based on an institutional rate of 8.1%. A reduction in the contamination rate to 5.2% would eliminate more than 219 contaminant cultures, with potential savings of $1,752,000.
Maintaining acceptable BC contamination rates can be quite challenging with healthcare professionals from many different backgrounds now drawing blood. A recent systematic review concluded that venipuncture and the use of phlebotomy teams are effective for reducing BC contamination rates and are recommended as evidence-based ''best practice'' [18] . Several studies support that phlebotomy teams are not only cost-effective but cost-saving solely based on reduced BC contamination, driven by reduced hospital length of stay, pharmacy, and laboratory services [3, 12, 13] . At our institution, using the estimated additional charges per patient associated with a false positive BC, the estimated savings per year achieved by the intervention would counterbalance the cost of adoption of a phlebotomy team, considering the relatively high contamination rate with the current practice.
The cost analyses in the present study are limited because they were based on studies conducted in the USA and UK. However, the cost of recruiting a phlebotomy team is expected to be lower in less-developed countries, such as in our locality. In addition, this quality improvement project did not involve a control group. Our initial effort was to educate nurses on proper performance and provide guidelines for appropriate procedures. To the best of our knowledge, this is the first report of a hospital-wide educational intervention targeting all practicing nurses to reduce the contamination rate. Despite this, the contamination rate remained above the acceptable standard. Although educational intervention reduces contamination rates, it is harder to educate and follow up a large number of healthcare workers; because nurses are understaffed and extremely busy with their clinical responsibilities, they are unlikely to comply with the recommended best practice BC collection protocol. In conclusion, the increase in patient suffering and excess costs caused by false positive BC support the use of substantial measures to decrease the rate of contamination, including the use of a dedicated phlebotomy team.
Funding
No funding sources.
